The migration of di-(2-ethylhexyl) adipate (DEHA), di-(2-ethylhexyl) phthalate (DEHP) and ethylene glycol from PET bottles into the Iranian yogurt drink was studied. According to European Commission regulations acetic acid (3% w/v) was chosen as stimulant. The acetic acid samples were stored at 4, 25 and 45 °C for four months and analyzed periodically by gas chromatography. Differential scanning calorimetry (DSC) was used to investigate if contact with the food stimulant could affect the PET material. It was concluded that the storage temperature had a great effect on the migration of DEHP, DEHA and ethylene glycol. Also increasing storage time resulted in higher concentrations of migrating substances. The concentrations of migrating substances did not exceed their specific migration limit (EEC regulations). Determination of glass transition (T g ) and crystallinity of PET bottles using DSC method showed that the variations in the migration rate of selected contaminants during the time did not relate to the change of PET material in contact with 3% acetic acid.
Introduction
Poly(ethylene terephthalate) (PET), produced from ethylene glycol and either terephthalic acid or dimethyl terephthalate, is commonly used as packaging material for drinking water, mineral water, carbonated beverages and edible oils. The strength and permeability properties of PET, its resistance to chemicals and its high degree of transparency are the main factors that make it more applicable. Hazardous compounds should be avoided as the bottles are manufactured by a commercial plant that produces food-contact bottles. However, PET is known to contain small amounts of low molecular weight compounds ranging from monomer to pentamer. The level of these compounds depends on the type of PET. Migration from packaging materials into product generally is concerned with minor constituents that influence the quality of the contained product by sensory or toxicological hazards. There has been extensive research performed on the use of food contact PET materials. Investigations have been carried out in order to establish the type and concentration of compounds related to post-consumer PET recycling [1, 2, 3, 4] . The effect of the recycling process on intentionally contaminated PET material has also been studied and the migration of model contaminants from the final product, which did not posses a functional barrier, to food simulants has been determined [5, 6, 7, 8] .
Two closely related methods dominate the thermal properties of polymers, the older method, differential thermal analysis (DTA), and the newer method, differential scanning calorimetry (DSC). Both methods yield peaks relating to endothermic and exothermic transitions and show changes in heat capacity. The DSC method also yields quantitative information relating to the enthalpic changes in the polymer [9] . Changes in the structure of the polymers cause to make different thermal properties. With regard to interactions between packaging materials and the solution, higher amount of migration could relate to changes in the structure of packages. Widen et al. (2004) studied the effect of different simulants on the migration of model contaminants by using differential scanning calorimetry [8] . Pennarun, et al, (2003) studied the effect of food simulants on diffusion coefficient of migrants from recycled PET bottles [10] .
DEHA and DEHP are used as plasticizers in some plastic materials like PVC and PET, and ethylene glycol (EG) as mentioned is one of the main components of polyethylene terephthalate. Concern over the usage of DEHA arose in the early 1980s when the National Toxicology Program of the United States published data indicating that DEHA had carcinogenic effects at high doses in mice. DEHP causes liver or testicular damage in rats and mice, and the "no observed adverse effect level" (NOAEL) has been shown to be 3.7 or 14 mg/kg/day [11, 12] .
In the present study after determination of initial concentration of model contaminants in PET bottle the migration procedure into yogurt drink was investigated. The traditional Iranian yogurt drink which is called "Dough" is prepared from low fat yogurt, 1% salt and 40-60% water. It has the pH of about 3.5-4.0. Since these kinds of beverages may be stored either under sunlight especially in summer time or at the refrigerator or at room temperature, the effect of storage temperature on migration level was determined. According to European Commission regulations we used 3% acetic acid solution as stimulant (EEC 1985) [13] . Differential scanning calorimetry was used to investigate the effect of food simulants on PET material.
Results and Discussion

Determination of migrants in PET bottle wall
The amount obtained by Soxhlet extraction represents the maximum level of migration of contaminants. In the actual contact situation such an amount may never be attained even in long-term storage condition. The results of gas chromatograph analysis of extract solution showed that among the three selected contaminants, DEHP had the highest concentration in PET bottle (Tab. 1).
Tab. 1. Quantitative data of migrants.
Compound
Amount (µg/g PET) Ethylene glycol 21 Di (2-ethylhexyl) Phthalate 670 Di (2-ethylhexyl) adipate 510
Kim, H. et al. (1989) found that the level of ethylene glycol, DEHP and DEHA in commercial amber PET bottle wall were 14.4, 820 and 560 µg per g PET, respectively [14] . The gas chromatographic profile of extract solution is shown in Fig.  1 . 
Storage conditions
The shelf life of an Iranian yogurt drink is typically two months. Thus, a storage time of four months may be considered as a worst condition. Yogurt drinks are often stored at room temperature, which may vary depending on the location. To determine the effect of temperature on the migration three different storage temperatures (4, 25 and 45 °C) were chosen.
Effect of temperature
The storage temperature had an intense effect on migration as more concentration of monomers migrated to the food simulants at 45 °C than at 4 and 25 °C. No detectable migration occurred for the samples stored at refrigerator condition (4 °C). 
Effect of time
Increasing storage time resulted in higher concentrations of migrating substances. At both 25 and 45 ºС, the maximum level of migration was seen after 66 days storage. At 25 ºС these levels were 2.0, 1.4 and 1.4 respectively for EG, DEHP and DEHA and at 45 ºС the maximum level of migration were 3.0, 2.4 and 2.3 mg/l, respectively for EG, DEHP and DEHA. For all model contaminants after 25 days, the most part of migration (about 80% of total migration) had already occurred. For all compounds the migration into simulant occurred with a rapid rate until the 25th day. Then the migration rate of contaminants decreased gradually, reaching to an equilibrium state on the 66th day of storage (Fig. 2) .
Effect of migrant
The results showed that the equilibrium level of migration is not just related to the primary concentration of monomers in PET bottles, but the solubility of these compounds in solution is an inevitable factor affecting this phenomenon. Ethylene glycol was found in the highest concentration in food simulant at both storage temperatures (25 and 45 °C). Possibly higher solubility of ethylene glycol in 3% acetic acid is the main reason for higher migration of this monomer compared to DEHA and DEHP. Low molecular weight of ethylene glycol is another factor affecting higher migration compared to DEHA and DEHP which is certainly related to solubility. Comparing DEHA and DEHP, despite the higher initial amount of DEHP in PET bottles, the concentrations migrating to simulant were approximately similar. Definitely, the reason is their close molecular weight and solubility. Generally, all three compounds were below specific migration levels established by European legislation (18 mgl -1 for DEHA, 3 mgl -1 for DEHP, and 30 mgl -1 for EG), but the maximum migration level of DEHP (2.4mg l -1 ) which occurred in 45 ºС storage condition was approaching the European approved SML. 
Effect of food stimulant
Widen et al. (2004) reported that PET bottles filled with ethanol exhibited a lower T g than the empty bottles and the results suggested that there was a slightly higher crystallinity in PET stored with ethanol, but there was not a considerable difference in T g and crystallinity of PET bottles filled with acetic acid stimulant with empty bottles [8] . From the present study it is concluded that the degree of crystallinity for the PET samples containing 3% acetic acid and stored at constant temperatures (25 or 45 ºC) did not change significantly (Tab. 4). T g values for the samples stored at 25 and 45 ºC were at the range of 70-73 and 80-84 ºC, respectively. For both 25 and 45 ºC storage temperatures, T g and degree of crystallinity are approximately constant; so higher amount of migration into 3% acetic acid at higher temperature does not relate to structural changes of PET bottles in contact with solution. Higher glass transition of the PET bottles stored at 45 °C is attributed to the enthalpy relaxation process of amorphous regions of semicrystalline PET [17] . According to Struik [18] , the glass transition of semicrystalline polymer is broader than in the amorphous one and extends toward the high-temperature side. 
Tab. 4. ∆H
Conclusions
The objective of this study was to determine if the predefined contaminants were found at upper legislation limits and if their long time storage at different conditions is detrimental for the consumer. Although maximum migration level of ethylene glycol (3.0 mgl -1 ) was seen at warm climatic condition (45 °C) after 66 days, but it did not exceed specific migration limit legislated by European Commission (30 mgl -1 ). In spite of higher initial concentration of DEHA and DEHP in PET bottles compared to ethylene glycol, it may be concluded that the amount of migration is also related to molecular weight and solubility of substance in contact with the solution. DSC results showed that higher rate of migration at higher temperature might have resulted from higher solubility and diffusion rate of contaminants, not because ofthe interactions between polymer and simulant and subsequent changes of PET material.
Experimental part
Samples and Materials
The PET bottles used in this study (47.56 g without screw cap, 2.55 screw cap) were made by bottle manufacturer using clear PET resin as main starting material. Standards employed were di-(2-ethylhexyl) phthalate, di-(2-ethylhexyl)adipate and ethylene glycol. Phthalate and adipate were obtained from Riedel-deHean Company and ethylene glycol was obtained from Fluka Co., Inc.
Properties of the model contaminants are listed in Tab. 5. Ethylene glycol is one of the main components used in PET structure and has the lowest molecular weight among the selected contaminants. DEHA and DEHP are used as plasticizers in manufacturing of PET bottles. As shown in Tab. 5, DEHP has the lowest specific migration limit as defined by European standards (EEC 1985 
DEHP
Determination of potential migrants in PET bottles
-Sample preparation A total of 22 g of PET bottle wall was cut into small pieces and extracted with absolute ethanol for 48 h using Soxhlet apparatus [14] . Absolute ethanol was used to isolate potential migrants for the identification. The Soxhlet extracts were concentrated by distillation followed by nitrogen flushing, to a final volume of 2 ml.
-Instrumental Analyses 2 μl of Soxhlet concentrated extract was injected into a gas chromatograph equipped with a flame ionization detector to obtain a chromatographic profile of each sample. The instrument used was Chrompack cp9000 and the column used was a cp-sil 8 column (30 m × 0.52 mm i.d.). The flow rates of helium, hydrogen, and air were 4, 30, and 300 ml/min, respectively. The temperatures of the injection port and detector were kept at 250 and 280 °C. Oven program: 50 °C for 3min, increased at 15 °C/min to 260 °C, then held isothermal until the final chromatogram was obtained.
Determination of migration from PET bottles into 3% acetic acid
Acetic acid (3% w/v) was used as the food stimulant. Each bottle was filled with 1.5l stimulant, closed tightly with a screw stopper and placed in 4, 25 and 45 °C for about four months. Samples of 75 ml were neutralized with 10M sodium hydroxide. 20 g sodium chloride was added and the solution was extracted for 12 h in a closed vial with 3 ml dichlorometane containing 50 mg/l tetradecane. The extracts were analyzed directly by on-column GC-FID with aforementioned characteristics.
DSC Analysis
The glass transition temperature, T g , and the heat of fusion were determined for the bottles which had been stored with food stimulant during the storage time. The samples were analysed with differential scanning calorimetry (DSC-2010 model, USA). Each sample was heated from 25 to 280 ºC with a heating rate of 10 ºCmin -1 . The measured heats of fusion were compared with published values [15] in order to estimate the degree of crystallinity.
